The amount of phenolics, flavonoids, and anthocyanins in ethanol extracts and antioxidant activity of both ethanol and lipophilic extracts of common fruity vegetables in Bangladesh were studied. Among the ethanol extracts of 15 fruity vegetables, M. oleifera had the highest total polyphenol content (85.05 mg gallic acid equivalent/g extract) followed by L. acutangula (61.74 mg gallic acid equivalent/g extract) and A. esculentus (48.92 mg gallic acid equivalent/g extract). L. acutangula had high a content of flavonoids (14.46 mg (+)-catechin equivalent/g extract), which was almost similar to L. siceraria (13.67 mg catechin equivalent/g extract) followed by A. esculentus (11.95 mg catechin equivalent/g extract) and S. melongena (11.42 mg catechin equivalent/g extract). Highest anthocyanins content was in F. hispida (2.22 µmol/g extract) followed by S. melongena (1.04 µmol/g extract). Ethanol extracts of A. esculentus, F. hispida, L. acutangula, L. siceraria, and S. melongena exhibited high DPPH free radical scavenging activity with IC 50 of 70.4, 64.9, 70.4, 64.9, and 94.3 µg/mL respectively, whereas for the same lipophilic extracts of F. hispida and S. melongena showed lowest (37 µg/mL) IC 50 followed by M. oleifera (47.6 µg/mL), L. siceraria (57.5 µg/mL), and A. esculentus (63.3 µg/mL). These vegetables also showed high reducing powers, NO scavenging and total antioxidant capacity. Therefore, the top five potential fruity vegetables consist of both hydrophilic and lipophilic antioxidant(s), the order being F. hispida > M. oleifera > A. esculentus, L. acutangula > L. siceraria > and S. melongena.
INTRODUCTION
Fruits and vegetables are major source of dietary functional components. Of these components, antioxidants are most important because they inhibit pathogenesis of various diseases such as cardiovascular disorders, diabetes, cancer, inflammation, aging, and brain dysfunction. Reportedly, reactive oxygen species (ROS) have been linked to over 2090 HOSSAIN ET AL. 100 disorders. [1] Therefore, for maintaining a healthy biological system, it is critical to have the balance between oxidation and antioxidation. Excess generation of ROS causes oxidative stress that spreads over all the cell targets (DNA, lipids, and proteins). A variety of polyphenols, flavonoids, anthocyanins, and vitamins have been reported as showing antioxidants. [2] [3] [4] Various epidemiological studies have suggested that consumption of fruits and vegetables is associated with reduced risk of cardiovascular diseases and cancer, [5] neurodegenerative diseases such as Parkinson's and Alzheimer's diseases, [6] as well as with inflammation and aging. [7] The majority of antioxidants are hydrophilic and they can easily contribute to keep up physiological health of hydrophilic organs whether lipophilic antioxidants are essential for lipophilic organs such as the brain. Besides, antioxidants are used in the food industry and pharmaceuticals as additives. Widely used synthetic antioxidants are now under question due to their side effects like carcinogenicity. [8] Therefore in response to the growing consumer concern, search for antioxidants and/or antioxidant principles from natural sources have gained interest and many plants reportedly have potential antioxidant activity. [9−13] People all over Bangladesh consume fruity vegetables cooked and sometimes in various preparations though no scientific data is available comparing their content of functional components such as polyphenols, flavonoids, anthocyanins, and antioxidants. Since fruits and vegetables have various health-promoting components, they might be playing a vital role in maintaining public health. It is mainly due to their antioxidants as improvement of body's antioxidant defenses ameliorates various diseases. Since both hydrophilic and lipophilic antioxidants are essential for sound health, it will be noteworthy to categorize common vegetables depending on their content of both types of antioxidants. In this article, ethanol was used as solvent because it extracts a part of both hydrophilic and lipophilic components, whereas pentane was used only to extract lipophilic components.
MATERIALS AND METHODS

Materials
Chemicals. Ascorbic acid, Folin-Ciocalteu's phenol reagent, (+)-catechin and gallic acid (GA) were purchased from Sigma-Aldrich Co (St. Louis, MO). DPPH was purchased from Wako Pure Chemical Industry, Ltd., Osaka, Japan. Aluminium chloride, ammonium molybdate, ethanol, methanol, potassium ferricyanide, sodium carbonate, sodium nitroprusside, sulfanilamide, and trichloroacetic acid were purchased from Merck, Germany.
Sample collection. The fruity vegetables namely Abelmoschus esculentus
Trichosanthes dioica (Roxb.), and Vigna unguiculata (L.) Walp. were collected from local markets of Khulna city, Bangladesh. After washing with distilled water the collected fruity vegetables were sliced into small pieces and shed dried. Then, each dried sample was ground by use of a grinding machine into powdered form and stored in an air tight container.
Methods
Extraction. Twenty five grams of powder of each sample was taken in 100 mL of ethanol and kept in an air tight bottle. After seven days, the ethanol was filtered by Whatman No. 1 filter paper. The filtrate was air dried and the solid extracts were kept in the refrigerator. For the preparation of lipophilic extract, 10 g powder was shaken vigorously by hand with 200 mL pentane and after filtration, the filtrate was air dried to obtain pentane extract. Finally, 10 mg of the solid extract was dissolved in 1 mL ethanol or DMSO (10 mg/mL) and used to conduct the experiments.
Determination of total phenolics (TPH). The TPH in ethanol extracts was determined according to the Folin-Ciocalteu method [14] with GA as the standard and expressed (mg) as gallic acid equivalents (GAE)/g of extract. One milliliter of diluted extract was mixed with 1 mL of Folin-Ciocalteu's reagent and vortexed for 5 s. Then, 1 mL of a 10% (w/v) sodium carbonate aqueous solution was added to the mixture. The mixture was incubated at room temperature for 1 h and thereafter colorimetric measurement was made at 700 nm. Each experiment was conducted three times.
Determination of total flavonoids (TF). TF content was determined by using a colorimetric method according to the Zhishen et al. [15] Briefly, a test tube containing 50 μg ethanol extract or different concentrations of (+)-catechin standard solution (20-80 μg/mL) mixed with 75 μL of 5% (w/v) NaNO 2 solution. After 6 min, 150 μl of a 10% (w/v) AlCl 3 .6H 2 O solution was added and the mixture was allowed to stand for a further 5 min before 0.5 mL of 1 M NaOH was added. The mixture was brought to 2.5 mL with distilled water and mixed well. The absorbance was measured immediately at 510 nm using a spectrophotometer. The results were expressed as the mean ± SD mg of (+)-catechin equivalents (CE) per gram of extract.
Determination of anthocyanins. The anthocyanins content in ethanol extracts was determined according to the modified method of Padmavati et al. [16] Four milliliters of acidifed methanol (1% v/v, HCl/methanol) containing extract stored in dark at 4
• C for 24 h in screw capped test tube, and then centrifuged at 800 rpm for 15 min. The anthocyanin concentration in the supernatant was measured spectrophotometrically at 530 and 657 nm. The absorbance values for 530 and 657 nm were indicated as A 530 and A 657 , respectively. The extinction coefficient of 31.6 M −1 cm −1 was used to convert the absorbance values into anthocyanin concentration. The concentration was calculated using the following equation:
DPPH radical scavenging activity. The reaction mixture (total volume, 3 mL), consisting of 0.5 mL of 0.5 M acetic acid buffer solution at pH 5.5, 1 mL of 0.2 mM DPPH in ethanol, and 1.5 mL of 50% (v/v) ethanol aqueous solution, was shaken vigorously with the ethanol or pentane extracts. [17] After incubation at room temperature for 30 min, the amount of DPPH remaining was determined by measuring absorbance at 517 nm. Mean values were obtained from triplicate experiments.
Nitric oxide (NO) radical scavenging activity.. The scavenging effect of ethanol or pentane extracts on NO was measured according to the slightly modified method of Marcocci et al. [18] Four milliliters of extract solutions of different concentrations were then added in the test tubes to 1 mL sodium nitroprusside solution (10 mM), and the test tubes were incubated at 37 o C for 3 h. The same reaction mixture, without the extracts but with an equivalent amount of ethanol/DMSO, served as control. An aliquot (0.5 mL) of the incubation solution was removed and then diluted with 0.5 mL Griess reagent (1% sulfanilamide in 5% H 3 PO 4 and 0.1% naphthylethylenediamine dihydrochloride) and finally the absorbance of the chromophore was immediately read at 570 nm.
Reducing power activity. The reducing power of ethanol extracts was determined according to the method of Oyaizu. [19] Briefly, different concentrations of ethanol extracts were mixed with 2.5 mL of 0.2 M phosphate buffer, pH 6.6, and 2.5 mL of 1% potassioum ferricyanide solution. After incubation at 50 o C for 20 min, the mixtures were mixed with 2.5 mL of 10% trichloroacetic acid followed by centrifugation at 650 g for 10 min. The supernatant (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% ferric chloride. The absorbance of this solution was measured at 700 nm. Ascorbic acid served as the positive control.
Determination of total antioxidant capacity. The assay was done according to the method described by Prieto et al. [20] The tubes containing ethanol extract and reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate were incubated at 90 o C for 90 min. After cooling at room temperature, the absorbance was taken at 695 nm against a blank. The antioxidant capacity was expressed as ascorbic acid equivalent (AAE) and GAE.
Statistical analysis. Results are expressed as mean ± SD for a given number of observations (n = 3-5). The level of significance was set at p value of 0.05.
RESULTS AND DISCUSSION
Polyphenols, Flavonoids, and Anthocyanins Contents
Polyphenols, flavonoids, and anthocyanins are bioactive components of plants and show various beneficial health promoting activities in humans. Table 1 showed their content in ethanol extracts of common fruity vegetables in Bangladesh. Depending on polyphenols content, the top five vegetables were graded as M. oleifera > L. acutangula > A. esculentus > L. siceraria, L. purpureus, F. hispida > S. melongena. Polyphenols content in M. oleifera was 85.05 ± 1.08 mg GAE/g extract. In previous studies, polyphenol content of various edible common fruits, [10] mangrove plants, [11, 21, 22] and common antidiabetic medicinal plants [23] in Bangladesh was reported. However, the extraction of phenolic compounds from the fruits or vegetables is commonly achieved with methanol or aqueous methanol. [24, 25] Flavonoids, and anthocyanins mainly present as coloring pigments in fruits also function as potent antioxidants at various levels. L. acutangula had high content of flavonoids (14.46 ± 0.47 mg CE/g extract) followed by L. siceraria, A. esculentus, and S. melongena. Total flavonoid content in Bangladeshi pineapple ranges from 39.4 to 55.2 mg quercetin/g weight [26] whether that was 14.6 mg CE/g in pericarp and 30.6 mg CE/g extract in seed of S. apetala. [22] The highest anthocyanin content was in F. hispida (2.22 μmol/g extract) followed by S. melongena (1.04 μmol/g extract) whether it was found to be 0.3 μmol/g and 2.3 μmol/g in pericarp and seed extracts, respectively for S. apetala fruit. [22] Anthocyanin limits the development of cancers, cardiovascular diseases, neurodegenerative diseases, and diabetes. [27] Reportedly, fruits and vegetables are the main sources of antioxidant vitamins such as vitamin E, vitamin C, precursor of vitamin A, i.e., β-carotene, which acts as an antioxidant. Therefore, antioxidant activity of these fruity vegetables might be the collective result of their content of polyphenols, flavonoids, anthocyanins, and other antioxidant components.
Antioxidant Activity
DPPH and NO free radical scavenging and reducing power of ethanol extracts of 15 fruity vegetables were shown in Table1. Among them A. esculentus, F. hispida, L. acutangula, L. siceraria, and S. melongena showed high activity in scavenging of DPPH free radical and reducing power. Fig. 1a showed dose-dependent scavenging of DPPH free radical by these potential extracts. The inhibitory concentration 50 (IC 50 ), which means the concentration of extract that was needed to scavenge 50% of total DPPH free radicals. The IC 50 values for DPPH radical scavenging of A. esculentus, F. hispida, L. acutangula, L. siceraria, and S. melongena were 70.4, 64.9, 70.4, 64.9, and 94.3 μg/mL, respectively, and that for ascorbic acid was 4.6 (Table 2) . F. hispida and L. siceraria showed same as well as lowest IC 50 , which means that among all the extracts tested, they had the strongest DPPH radical scavenging activity. It has been found that cysteine, glutathione, ascorbic acid, tocopherol, polyhydroxy aromatic compounds, and aromatic amines reduce and decolorize DPPH by their hydrogen donating ability. [17] Therefore, these extracts possess hydrogen donating capabilities to act as antioxidants. Hossain et al. [10] reported that the 
dioica, and VU = V. unguiculata. Table 3 showed DPPH radical scavenging activity of lipophilic (pentane) extracts of common fruity vegetables and their IC 50 values were shown in Fig. 2a . Depending on DPPH free radical scavenging of lipophilic extracts of fruity vegetables, they were graded as S. melongena, F.
hispida. NO is synthesized in many different mammalian cells types such as endothelial cells, vascular smooth muscular cells, neurons, platelets, macrophages, and neutrophils. NO, or some related reactive nitrogen species, act as neurotransmitters, preventing platelet aggregation and they are one of the defense molecules of immune system against tumor cells, parasites, and bacteria. However, large amounts of NO, peroxynitrite, and other reactive nitrogen oxide species are considered to be potentially cytotoxic and capable of injuring the surrounding cells. [28] The dose-dependent inhibition of nitrite production of potential ethanol extracts of A. esculentus, L. siceraria, M. oleifera, and S. melongena was shown in Fig. 1b with IC 50 values of 974.7, 438.6, 684.9, and 450.5 μg/mL respectively (Table 2 ). Similar reports were found for lotus seed extract [29] and leaves of Pistacia atlantica. [28] Table 3 showed NO free radical scavenging activity of lipophilic extracts of fruity vegetables and their IC 50 values were shown in Fig. 2b . Depending on their effects on NO scavenging, they were graded as A. esculentus
purpureus, T. cucumerina > and B. hispida. Reportedly, the activity of antioxidants is concomitant with the development of reducing power. [30] Table 1 showed the reducing power of the ethanol extracts determined using the potassium ferricyanide reduction method. At a concentration of 400 μg/mL extract in phosphate buffer, A. esculentus, F. hispida, L. acutangula, L. siceraria, and S. melongena had high reducing activity (O.D., optical density) of 0.62, 0.69, 0.67, 0.66, and 0.65, respectively (Table 1) . Since these extracts displayed high reducing power and their dose-dependent increase of reducing power was shown in Fig. 1c . Furthermore, total antioxidant capacity, which was expressed as the AAE, and GAE of ethanol extracts, was shown in Fig. 1d . The highest antioxidant capacity was in A. esculentus followed by L. acutangula and M. charantia. However, when considered TPH content versus DPPH, and NO scavenging activity (%) or reducing power of ethanol extracts, the correlation coefficient (r) was 0.61, 0.58, or 0.64, respectively. In a previous study on Egyptian plants, it was reported that correlation between total polyphenol and DPPH radical scavenging activity, reducing power or total antioxidant capacity was 0.73, 0.65, or 0.79 respectively. [12] For Bangladeshi fruits, correlation between total polyphenol and DPPH radical scavenging activity and reducing power was 0.54 and 0.97, respectively. [10] In general, antioxidant activity relates with total phenolic content [31] but the notion does not always hold true. [32] Therefore, it is remarkable that unknown components other than polyphenols, especially lipophilic components, in these fruity vegetables may contribute a part to their antioxidant activity. However, among the plant-originated dietary intake of antioxidants, polyphenols are at the top. Reportedly polyphenols have various beneficial effects on health of humans. [2] [3] [4] 27, 33, 34] Attention should be paid when polyphenols are used to prepare functional foods and dietary supplements since some polyphenols perturb the membrane structure. 
CONCLUSION
Present observations revealed that among the 15 common fruity vegetables, F. hispida > M. oleifera > A. esculentus, L. acutangula > L. siceraria > and S. melongena were the top that should be considered as potential sources of both hydrophilic and lipophilic antioxidant(s). Therefore, these potential fruity vegetables could be used as a natural treasure of dietary antioxidants to prevent oxidative damage of both hydrophilic and lipophilic organs. In addition, they may be used to prepare functional foods and nutraceuticals. Moreover, depending on the results of this study, health conscious consumers may choose their dietary vegetables. However, further in vitro and in vivo experiments are essential with the potential fruity vegetables to confirm the present observations.
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